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Based on their teaching and companying research, Ben-Zvi-Assaraf and Orion (2010b) developed the STH model-System Thinking Hierarchical-for teaching accordingly to students' development of system thinking (Table 2) . Table 1 A. Analyses of system components (characteristic 1) B. Synthesis of system components (characteristics 2, 3, 4, 5) C. Implementation (characteristics 6, 7, 8) Level A must be completed before turning to teaching for level B etc. The basic structure of the STH models is Harlen's (2010 Harlen's ( , p. 25, 2015 ) Vertical curriculum.
The Plate Tectonic Cycle and Subsystems
The plate tectonic cycle is the main system shaping the Earth's geosphere. The rock cycle and oil and gas formation are subsystems. The plate tectonic cycle starts with a supercontinent rifting up. The first cycle started ca.3.0 billion years ago. One complete cycle takes from 300 to 500 million years. The most recent supercontinent Pangea was formed by collision of continents ca.300 million years ago (For a good geological textbook, see Ramberg, Bryhni, & Nøttvedt, 2008) . In 1912 the meteorologist and polar-researcher Alfred Wegener (1912) lanced his theory of continental drift. The hypothesis was controversial and not accepted because Wegener had no good ideas of why the continents should drift around on the Earth. Thanks to the geophysicist John Tuzo Wilson the idea of continental drift was taken up again in the 1970-ies. During 1962 During -1969 Wilson wrote several worldwide acclaimed articles about plate tectonics causing continental drift, sea floor formation and island formation (Wilson, 1963) .
Due to his pioneering works, the plate tectonic cycle is sometime called Wilson cycle. However, the causes of the cycle are still disputed. One theory is that the cycle is a convection cell caused by the Earths warm interior, and the continents are drifting on top of the cell (Figure 1 ). The competing theory is that because the sea ridge is at a slightly higher level than the subduction zones ("Trench", Figure 2 ), The rock cycle is driven by the plate tectonic cycle. We can start the story in Figure 3 The oil and gas formation is also driven by plate tectonics. In the North Sea the process started almost 200 million years ago. When rifting a continent, a sea bay opens between new continents. The bay could be filled with sand from rivers. Over time the sand lithificate to sandstone. This is going to be the reservoir rocks for oil or/and gas. By further tectonic movement the sea level rises and the sandstone is covered with clay from rivers. This is going to be the cap rock of the basin. The continents moves further apart and the sea floor brakes up and form islands. Some islands are forced vertical up, some down. The sea level is rising above the islands. If temperature is high and CO 2 level is optimal, lots of sea-wed, planktons and plants will liv in the sea. When they die, they sink to the bottom, forming sediments. In the depths between the original islands, the sediments together with clay are turning to be the fossilized source rock. The sediments are transformed to kerogen through a long process depending on pressure and temperature. When the continents moves further apart the sea level is still rising. The source rocks are covered with deep layers of clay, later solidified to clay-slate. If the pressure and temperature rises, kerogen transforms to lighter oil and/or gas, which floats upwards. If it floats into sandstone sealed by cap rock, it is forming an oil and/or gas field. The field could stay under sea like in the North Sea or be lifted by tectonics to higher level ( Figure 4 ) like in Saudi Arabia. It might seem that this system is linear because we put our drilling equipment into the reservoir rock and end the process.
However, when the tectonic cycle is going on, even oil and gas trapped in sandstone will be forced down into the magma. 
Geology in the Curriculum
The National Curriculum "describe", "register" on low level, and "explore", "present", "explain", "recommend", "converse", The aims of the studies are to enable pupils to use one's senses to explore the world in the local neighbourhood (Year 2) [and] use natural science terms to describe and present one's own observations in various ways and recommend and converse about the possible explanations for what one has observed (Year 4)
The geological competence aim after Year 7 is on low to intermediate taxonomic level:
The aims of the studies are to enable pupils to describe how some minerals and rock types were formed and examine some of these types from nearby surroundings
The two geological competence aims after Year 10 are both on intermediate taxonomic level:
The aims of the studies are to enable pupils to explain the main characteristics of theories on how the earth is changing and has changed over the eons and the underpinning of these theories [and] explain how crude oil and natural gas have come about Minerals and rocks are the building blocks in the rock-formation system, and "how some minerals and rock types were formed" is about the chain of cause-effect-processes in the rock cycle. The best theory about "how the earth is changing and has changed over the eons" is the plate tectonic cycle. Despite not using the concepts "plate tectonic cycle" and "rock cycle", a reasonable interpretation of the aims is that teaching for geological system thinking is permitted in Science.
In Geography (Directorate for Education and Training, 2013b), the geological competence aim after Year 4 is on low to intermediate taxonomic level:
The aims of the studies are to enable pupils to describe land formations and use geographic names to explore the landscape near one's school and home
The aims of the studies are to enable pupils to The aims of the studies are to enable pupils to explain the basic forces of nature focusing on internal and external forces on earth, … [and] describe and explain natural … landscapes in the local community Geography focuses on terrain formation and landscapes through all years in compulsory education.
"Formation of the terrain" is supplementary to the rock formation aims in Science, as "internal and external forces on earth" are supplementary to the plate tectonics.
To sum up from National Curriculum: Teaching of geology in Science and Geography does in some way follow the STH model (Table 2) 
The Research Question
The National Curriculum in Natural Science and Geography is the Formal Curriculum (Goodlad, Klein, & Tye, 1979) established as regulations (i.e., Norwegian "law") by the Ministry of Education and
Research. The Formal Curriculum is interpreted by publishers and textbook writers to form textbooks to each subject and year. The textbooks are their Perceived Curriculum (ibid. (Goodlad, Klein, & Tye, 1979 ). That's why textbooks are crucial important for the pupils' educational outcome-The Experiential Curriculum (Goodlad, Klein, & Tye, 1979) .
One of the bearing principles in The National Curriculum is that publishers, textbook writers, headmasters and teacher are free to choose appropriate teaching methods to every topic (Grønnmo & Onstad, 2013, p. 91) . The textbook writers could adapt to STH model, one of Harlen's models or other curricular models.
The research question is: Do Norwegian textbooks for compulsory education promote geological system thinking?
This question is twofold. First, do the textbooks include sufficient components and processes of geology to form the systems? Second, if so, are the components and processes presented explicit as geological systems or in a way that can promote geological system thinking through appropriate teaching?
Method
The population is all Norwegian science and geography textbooks for years 1-10 written for The National Curriculum from 2006 and the years to come. The sample is textbooks from the two best-selling Norwegian publishers Aschehoug and Gyldendal covering all years in science and geography. All are still in use in 2017. 13 (Table 3 ) of totally 32 books contained geological texts from 4 pages (5% of the book) to 74 pages (52%). The books have from 60% to 85% of the market at given subject and year according to the publishers own information (No official statistics are available). The analyses are in three steps: First, the geological texts in a book are sorted on four categories: About
Rock formation (R in Table 6 ), Plate tectonics (P), Landscape and land forming (L), Oil and gas formation (O). Land forming is seen as a part of rock formation. Second, the texts are checked against the curriculum content and taxonomic level for the actual year. Third, the level of geological system thinking is assessed on a scale from 1 (low) to 8 (high). The criteria are the eight characteristics of system thinking in Table 1 . It is possible to present characteristics at high levels without having filled all lower characteristics. In Table 6 only the highest level in a text is used.
Headings, subheadings, quotes and illustrations are good representations of the content and system level of the text, and are used in chapter Results as circumstantial data.
Result
A brief reading of the textbooks shows that texts about stones, rocks and the rock formation process start on lower years than the plate tectonics. Oil and gas formation is presented only at years 8-10. The three systems will be presented separate in this order despite the geological fact that the plate tectonic cycle is the main process and the two others are sub cycles. Geography textbooks go into the processes forming landscapes, sometimes connected to rock formation or plate tectonics.
Geological System Thinking 1: The Rock Cycle

Years 1-4, Textbooks Covering Both Science and Geography
Cumulus 1 (pp. 24-27) has the first "geological" text in this sample at Year 1. Single components of geology (stones) are introduced with many pictures and drawings, and short written texts (Table 4) .
Cumulus 1 (pp. 70-73) and Gaia 3 (p. 140f) have texts and drawings showing and naming common Norwegian landscapes. 
(Minerals). Verdifulle bergarter (Valuable rocks). Bergarter varerer ikke evig (Rocks are not forever),
explaining the rock cycle (Table 5 ). Matriks 8 is the only textbook in the sample using the concept
Bergartenes kretsløp (The Rock Cycle) (p. 66) when presenting the cyclic nature of the systems with Because the Earth still is a living planet, both inside and outside, new rocks are continuously formed. However, even stones are not forever! Rocks are parts of a cycle where they are "born"
and "die". 
Geological System Thinking 3: The Oil and Gas Formation
Years 8-10, Science Textbooks
Eureka 10 (pp. 74-75), the best textbook on this theme, uses only two pages and three illustrations (one is Figure 9 ) to describe the very complex geological processes of oil and gas formation, but uses 12 pages (pp. 76-87) describing the seismic, investigation, production, processing and use of oil and gas. Words in Figure 9 : havbunn (sea floor), forkastningsfelle (dislocation trap), takbergart (cap rock), reservoarbergart (reservoir rock), kildebergart (source rock), grunnfjell (bedrock), gass (gas), olje (oil). 
Years 8-10, Geography Textbooks
Matriks 8 (p. 69). The subchapter Avsetnigsbergarter (Sedimentary rocks) has a very short description of the process starting with: "Olje og gass kommer fra døde plante-og dyrerester, saerlig plankton" (Oil and gas stem from remainders of plants and animals, in particular planktons), following by two-three sentences describing very superficially the rest of the process. The text is supported by a figure (p. 69) showing the different layers of rocks in and oilfield, and drilling into reservoir rocks.
Underveis 9 (pp. 176-181). The chapter Olje og gass på den norske kontinentalsokkelen (Oil and gas on the Norwegian continental shelf) has no description of how oil and gas have come about.
Discussion
If we agree with Orion and Ault (2007, p. 660 ) that we live in a cyclic world, it is important for pupils to get in grip with the world-view of geological systems and cycles during compulsory education. For presentation of the water cycle (Hansen, 2012) , the same publishers adapted Harlen's (2010, p. 25f) Lateral model of progression with the first simple introduction of the whole cycle at Year 3, and progression at higher level in coming years.
There are also pedagogical reasons to build systems, i.e., cognitive structures, schemas as Jean Piaget called them (Piaget & Inhelder, 1974) , for mental operations to fit new "bits and pieces" into the systems years to come. All Harlen's (2010, p. 25f ) three models of progression, in particular the Lateral and Spiral curriculum, are hitting for a holistic view in science topics, as Ben-Zvi-Assaraf and Orion's (2010b) STH model.
The Rock Cycle
The texts Years 1-4 about stones and rocks contains some science terms the pupils could use to explore, describe and present observations, i.e., the texts could support the pupils in reaching the general science competence aims after Year 2, but only partly after Year 4. The texts also describe land formations and use geographic names pupils could use when exploring their local landscapes. I.e. the texts could support the pupils in reaching the geography competence aims after Year 4. The texts about stones, rocks and landscape at Years 1-4 are about some of the components of the rock system, but hardly about the processes within the system [system level 0 to 1, Tables 1 and 6 ].
The science texts Years 5-7 describe how some minerals and rock types were formed and could help the pupils to examine some of these types from nearby surroundings, i.e., the texts could support the pupils in reaching the science competence aims after Year 7. The rock formation texts in science Years 5-7 are about organization some of the system's components and processes within a framework of relationships. There are generalizations and examples of the dynamic relationships within the system.
The science texts present some of the hidden dimensions of the system [system level 5 to 6, Tables 1   and 6 ].
The geography texts Years 5-7 might help the pupils to give a simple explanation of what the Ice Age meant to the formation of the local terrain and the country as a whole, i.e., the texts could support the www.scholink.org/ojs/index.php/jecs
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pupils in reaching the geography competence aims after Year 7. However, the geography texts only present a few of the components and one of the processes of the system [system level 0 to 1, Tables 1   and 6 ].
Despite the science competence aims after Year 10 points to plate tectonics, the texts in Eureka 8 also are about dynamic relationships within the rock system and some hidden dimensions of the system [system level 5 to 6, Tables 1 and 6 ]. The descriptions and explanations are deeper than Years 5-7, because there are some links between rock formation and plate tectonics.
The geographical texts might help the pupils describing and explaining natural landscapes in their local community, i.e., the texts could support the pupils in reaching the geography competence aims after year 10. Matriks 8 is outstanding, the only textbook presenting the cyclic nature of the system and naming it "the rock cycle". Figure 5 makes it possible to think temporally [system level 8, Tables 1 and   6 ]. Compared to Figure 3 , Matriks 8's figure is one-dimensional (in circle). There are no direct transitions from igneous rocks to metamorphic rocks or from metamorphic rocks to sedimentary rocks.
However, the text gives a comprehensive explanation of the formation of igneous rocks, sedimentary rocks, and metamorphic rocks.
The Plate Tectonic Cycle
Despite the science competence aims after Year 7 are about rock formation, the texts at Years 5-7 also contain some elements of plate tectonics. They are concentrated about some of the components of the upper visible part of the plate tectonic cycle in Figure 1 and processes within the system-and the relationships among some of the system's components [system level 1 to 2, Tables 1 and 6 ]. The science texts Years 5-7 could, based on plate tectonics, support pupils describing and explaining how some minerals and rock types were formed.
The science texts Years 8-10 could support pupils explaining some of the characteristics of plate tectonics and the earths changing over eons. I.e. the texts could support the pupils in reaching the first science competence aim after Year 10. The texts are more advanced than Years 5-7, both about the dynamic relationships within the system and the hidden dimensions of the systems [level 6, Tables 1   and 6 ]. Some textbooks show retrospection [partly level 8, Tables 1 and 6 ] presenting the position of the plats during the Earth's history (as "cartoons"), but no predictions. That might foster ideas of a static earth from now on (King, 2010) . Years 8-10 the science textbooks had the opportunity to present plate tectonic as a holistic cycle, but only Eureka 8 did. Without using the concept "plate tectonic cycle", Eureka 8 explains the main characteristics and the underpinning of the theory of plate tectonics [system level 7 to 8, Tables 1 and 6 ].
The geography texts Years 8-10 could help pupils explaining basic internal and external forces on earth.
The texts are comprehensive, but mostly concentrated on how the forces could explain the upper part of the plate tectonic cycle [system level 6, Tables 1 and 6 ], i.e., the texts could support the pupils in reaching the geography competence aims after year 10. 
Oil and Gas Formation
The science texts Years 8-10 could hardly help the pupils explaining or even describing how crude oil and natural gas have come about, i.e., the texts do not fully support the pupils in reaching the second science competence aim after Year 10. Some parts of the system are briefly described and sparsely illustrated at Years 8-10, best in science textbooks [system level 2 or 3, Tables 1 and 6 ]. No textbook show the oil and gas formation as a subsystem of the plate tectonic cycle. 
Conclusion
The texts cover all curricular geological competence aims National Curriculum with one severe exception in Natural Science: Oil and gas formation is superficially described, with no references to the causation by plate tectonics. If only reading the texts, it seems impossible to reach the competence aim:
"explain how crude oil and natural gas have come about". The text to rock formation, plate tectonics and landscape formation, however, could support the pupils in reaching the rest of geological competence aims.
The level of geological system thinking in the texts develops from Year 1 to 10, but seldom reach level 7: To give the students the ability to understand the cyclic nature of the systems (Tables 1 and 6 ). The presentations of plate tectonics and rock formation develop over several years, very much like a Spiral curriculum or following a STH-model. There are yearlong pauses, but the texts in the upper years lead to understanding of the dynamic relationships and parts of the hidden dimensions of the rock formation, plate tectonics and landscape formation. The cyclic nature of the rock formation and plate tectonics are presented in only one book for each system, and would reach only a part of the pupils. Therefore it is hard to say that Norwegian textbooks for compulsory education promote full and deep geological system thinking. However, the texts for plate tectonics and rock formation are a solid base for appropriate teaching so the pupils might be able to acquire system thinking. There are some problems:
Geology topics are spread over 10 years, spread on two subjects Natural Science and Geography, often taught by different teachers. These are areas that would benefit from further investigation.
